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Although the prime purpose of this study is a practical application, the background 
of some of the theoretical information concerned with generic flange problem may be 
particularly useful as it relates to a simplified approach to evaluating rib-stiffened 
configurations. The basis for such a review rests on the selected references and 
flange design standards developed in this country, England, and Germany. 

The material presented in this chapter includes a number of practical deriva¬ 
tions and formulas for design of a conventional or a rib-reinforced flange, where 
W is intended to denote the flange load referred to at times as the total bolt or 
tensile load. The individual bolt load should then be the flange load divided by the 
number of bolts required. It is further assumed that the number of bolts is equal 
to the number of stiffening ribs in a reinforced-flange configuration. However, the 
final selection of an individual bolt preload for a given flanged joint should be based 
on a design relationship governed by the bolt, flange, and gasket rigidities [277]. 


KEY STRESS CRITERIA 

One of the key messages included in this section concerns the idea of elastic versus 
plastic stresses. Since the great majority of practicing engineers have been brought 
up in the tradition of the theory of elasticity and the concept of the elastic strength 
of materials, it is relatively easy to misinterpret the true meaning of the computed 
stresses. In fact, it is often presumed that the calculated values exceeding the elastic 
limit must necessarily be dangerous. This seems to be particularly misleading where 
the design formulas give the sum of the bending and membrane stresses without 
due allowance for material ductility and stress redistribution. 

In a typical integral-type flange, that is, where the flange is butt-welded to the 
wall of the pipe, the adjacent portion of the wall is considered to act as a hub. The 
accepted design practice calls for calculation of the three major stresses: maximum 
axial stress in the hub, radial stress in the flange ring at its inside diameter, and the 
corresponding tangential stress at the same point. The theoretical and experimental 
evidence indicates that the axial stress in the hub is frequently by far the highest 
and it is often used as the basic design criterion for sizing the wall thickness. Some 
applications of this general rule are considered here in evaluating the maximum 
theoretical stress in the hub of a rib-stiffened flange. 

The selection of a suitable design criterion and the corresponding calculation 
procedure depends in general upon the flange geometry and the materials involved. 
Various theories and design methods in the past utilized straight beam, cantilever, 
circular ring, and plate model approaches for the purpose of checking the flange 
stresses. The method of rib sizing proposed in this section is based on the theory 
of beams on elastic foundation. 


EARLY DESIGN METHODS 

The development of pressure vessels for higher pressures and temperatures has been 
largely responsible for increased interest in flange-stress formulas during the past 
60 years in this country, England, and Germany [27, 182, 189-190]. Early flange 
designs involved hubs of approximately uniform thickness and the designs were 



